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[NAME OF THE DOCUMENT] DESCRIPTION 

[TITLE OF THE INVENTION] ELECTRIC CAR CONTROL APPARATUS 
[TECHNICAL FIELD] 

[0001] * 

The present invention relates to an electric car control apparatus for 
controlling and driving an induction motor of an electric car. 
[BACKGROUND ART] 
[0002] 

A known power conversion device with a three level ( PWM ) converter 
has two DC voltage detectors that are provided for two filter capacitors, 
respectively, connected with a DC side of the three level converter for detecting 
the individual voltages of the capacitors, and the three level converter is PWM 
controlled based on the voltages of the filter capacitors detected by the two DC 
voltage detectors, respectively ( see, for example, a first patent document ). 

However, when a voltage across opposite ends of each filter capacitor 
becomes higher than an ordinary voltage owing to a rapid variation of a load or 
the like, an abnormal voltage will be applied to a semiconductor device of the 
three level converter. 
[0003] 

In addition, in order to prevent a detrimental effect as referred to above, 
there is a method of connecting an overvoltage suppression circuit comprising 
an overvoltage suppression resistor and a thyristor in parallel with the two filter 
capacitors. In operation, when a voltage across opposite ends of one filter 
capacitor becomes higher than a predetermined value, it is detected by an 
overvoltage detector, and the thyristor is fired to short-circuit that filter capacitor 
through the overvoltage suppression resistor, so that the energy accumulated 
in that filter capacitor is released whereby an AC switch arranged on a power 
supply side of the three level converter is opened after a predetermined time, 
thus cutting off a follow or dynamic current ( see, for example, a second patent 
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document ). 

In this method, however, when the AC switch does not perform normal 
opening operation due to a failure or the like, a current detector for detecting a 
current flowing through the overvoltage suppression resistor is required so as 
not to invite a heated burnout of the overvoltage suppression resistor, thus 
resulting in that the device becomes excessively large. 
[0004] 

Accordingly, in order to solve the problems as referred to above, there 
is a method of detecting false firing of a thyristor in an electric car control 
apparatus with a three level ( PWM ) inverter, in which a first voltage sensor is 
connected in parallel to the thyristor to detect an intermediate direct current full 
voltage. Here, a second voltage sensor is connected in parallel to a filter 
capacitor, which is connected to a negative terminal side of a terminal of the 
three level inverter, for detecting a downstream half voltage in the form of a 
terminal to terminal voltage of the filter capacitor, whereby the pulse width of 
the three level inverter is controlled by using the voltage values detected by the 
first and second voltage sensors so as to make the value of an upstream half 
voltage and the value of the downstream half voltage of the intermediate DC 
voltage equal to each other ( see, for example, a third patent document ). 
[0005] 

In this case, the upstream half voltage, which is a terminal to terminal 
voltage of the filter capacitor connected to a positive terminal side of the three 
level inverter, is a value which is obtained by subtracting the downstream 
voltage detected by the second voltage sensor connected in parallel to the filter 
capacitor connected to a negative terminal side of the terminal of the three 
level inverter from the full voltage detected by the first voltage sensor 
connected in parallel to the thyristor. However, in case where the resolution 
of the first voltage sensor is lower than the resolution of the second voltage 
sensor, the upstream half voltage calculated from the voltage detected from 
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these two voltage sensors is lower in accuracy than the downstream half 
voltage directly detected, and as a result, the accuracy of the control also 
becomes low. Accordingly, in order to perform control according to this 
voltage detection system, it is necessary to match the resolutions of the 
voltage sensors to the lower one. Here, note that a similar discussion can be 
made for the three level converter. 
[0006] 

[First Patent Document] Japanese patent application laid-open No. H 
11-113263 

[Second Patent Document] Japanese patent application laid-open No. H 

7- 154974 

[Third Patent Document] Japanese patent application laid-open No. H 

8- 33102 

[DISCLOSURE OF THE INVENTION] 
[PROBLEMS TO BE SOLVED BY THE INVENTION] 
[0007] 

In the known electric car control apparatus, the overvoltage 
suppression circuit is provided for preventing the three level converter and the 
semiconductor device thereof from being subjected to an abnormal voltage, 
but with the provision of the overvoltage suppression circuit, the current 
detector for detecting the current of the overvoltage suppression resistor is 
required. In addition, there is the method of detecting false firing of the 
thyristor, in which in order to exclude the use of the current detector, the first 
voltage sensor is connected in parallel to the thyristor to detect the 
intermediate direct current full voltage. With this method, however, there is a 
problem that it is necessary to match the resolutions of the voltage sensors to 
the lower one. 

[MEANS FOR SOLVING THE PROBLEMS] 
[0008] 
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An electric car control apparatus according to the present invention is 
an electric car control apparatus for driving an induction motor by means of 
electric power supplied by overhead wiring, the apparatus including: a DC 
power supply device having a maximum potential terminal, an intermediate 
potential terminal, a minimum potential terminal, an upstream side capacitor 
connected between the maximum potential terminal and the intermediate 
potential terminal, and a downstream side capacitor connected between the 
intermediate potential terminal and the minimum potential terminal; an 
overvoltage suppression part having a resistor and a thyristor and being 
connected between the maximum potential terminal and the minimum potential 
terminal; a downstream voltage sensor connected in series between the 
intermediate potential terminal and the minimum potential terminal; an 
upstream voltage sensor connected between a junction of the resistor and the 
thyristor, and the intermediate potential terminal; and a three level inverter 
connected to the maximum potential terminal, the intermediate potential 
terminal and the minimum potential terminal for supplying AC power to the 
induction motor; wherein the three level inverter is controlled by using voltages 
detected by the downstream voltage sensor and the upstream voltage sensor. 
[EFFECTS OF THE INVENTION] 
[0009] 

According to the present invention, it is possible to make the 
resolutions of the two voltage sensors for detecting the upstream voltage and 
the downstream voltage, respectively, of the DC voltage equal to each other, 
so accuracy in the voltage detection can be improved, and highly accurate 
control can be performed. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[0010] 

Fig. 1 is a block diagram showing an electric car control apparatus 
according to a first embodiment of the present invention ( Embodiment 1 ). 



4 



Fig. 2 is a block diagram showing an electric car control apparatus 
according to a second embodiment of the present invention ( Embodiment 2 ). 
[BEST MODE FOR CARRYING OUT THE INVENTION] 
[0011] 

The present invention is intended to obviate the problems as referred 
to above, and is to provide an electric car control apparatus which is improved 
in the detection accuracy of a DC voltage. 
[EMBODIMENT 1] 
[0012] 

Fig. 1 is a block diagram that shows an electric car control apparatus 
according to a first embodiment of the present invention. In Fig. 1, DC power 
collected from overhead wiring 1 by means of a pantograph 2 is input to a 
three level inverter 3 having a maximum potential terminal A, an intermediate 
potential terminal B and a minimum potential terminal C, where it is converted 
to AC power to drive an induction motor 4. In addition, a filter capacitor circuit 
5, which serves to divide a DC voltage between terminals of the three level 
inverter 3 into two voltage components, is connected in parallel to the three 
level inverter 3. The filter capacitor circuit 5 is composed of an upstream filter 
capacitor 6 ( upstream side capacitor ) and a downstream filter capacitor 7 
( downstream side capacitor ) connected in series with each other. The 
upstream filter capacitor 6 is connected between the maximum potential 
terminal A and the intermediate potential terminal B of the three level inverter 3. 
and the downstream filter capacitor 7 is connected between the intermediate 
potential terminal B and the minimum potential terminal C of the three level 
inverter 3. 

Here, in the configuration of Fig. 1, DC power is obtained from the 
overhead wiring, so a DC power supply device is constituted only by the 
upstream filter capacitor 6 and the downstream filter capacitor 7 connected in 
series with each other. In case where AC power is obtained from the 
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overhead wiring, a DC power supply device has a converter. 
[0013] 

In addition, an overvoltage suppression part comprising a resistor 8 
and a thyristor 9 connected between in series with each other is connected 
between the maximum potential terminal A and the minimum potential terminal 
C in a terminal side of the three level inverter 3. The resistor 8 and the 
thyristor 9 are connected in such a manner that the resistor 8 is located on a 
positive terminal side of the three level inverter 3, and the thyristor 9 is located 
on a negative terminal side of the three level inverter 3. With such an 
arrangement, the overvoltage suppression part is connected in parallel to the 
filter capacitor circuit 5. Here, note that the configuration and operation of the 
three level inverter 3 are similar to those of a known apparatus. 
[0014] 

The downstream voltage sensor 10 is connected between the 
intermediate potential terminal B and the minimum potential terminal C among 
the terminals of the three level inverter 3. Also, the upstream voltage sensor 
11 is connected between a junction of the resistor 8 and the thyristor 9 and a 
junction of the upstream filter capacitor 6 and the downstream filter capacitor 7. 
Here, note that the junction of the downstream voltage sensor 10 and the 
upstream voltage sensor 11 is connected to the intermediate potential terminal 
B of the three level inverter 3. 
[0015] 

In such a voltage detection system for the electric car control 
apparatus, since the resistor 8 is sufficiently small as compared with the 
internal resistance of each of the downstream voltage sensor 10 and the 
upstream voltage sensor 11, a voltage drop in the resistor 8 of the DC voltage 
supplied from the overhead wiring 1 can be assumed to be substantially zero, 
so it can be said that a full voltage will be impressed to the thyristor 9. 
Accordingly, it can be assumed that the sum of the voltage values detected by 
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the downstream voltage sensor 10 and the upstream voltage sensor 11 is 

substantially the full voltage impressed to the circuit of Fig. 1 . 

[0016] 

Moreover, since the junction of the downstream voltage sensor 10 and 
the upstream voltage sensor 11 is arranged at the intermediate potential 
terminal B of the three level inverter 3, a downstream half voltage will be 
impressed to the downstream voltage sensor 10, and an upstream half voltage 
is impressed to the upstream voltage sensor 11. As a result, the upstream 
half voltage becomes substantially equal to the terminal to terminal voltage of 
the upstream filter capacitor 6. 
[0017] 

When the thyristor 9 is in a short-circuited state due to a failure or false 
firing of the thyristor 9, the electric charge accumulated in the filter capacitor 
circuit 5 is discharged so that the upstream half voltage detected by the 
upstream voltage sensor 11 decreases. As a result, the failure and false firing 
of the thyristor 9 can be detected by monitoring the upstream half voltage 
detected by the upstream voltage sensor 11. 
[0018] 

Thus, the two voltage sensors connected in series are connected in 
parallel to the thyristor 9 so as to detect a DC full voltage, whereas for 
detection of a half voltage, the junction of the two voltage sensors connected in 
parallel to the thyristor 9 is connected to the junction of the upstream filter 
capacitor 6 and the downstream filter capacitor 7, as a result of which the 
resolutions of the two voltage sensors can be made equal to each other. 
[0019] 

Further, there is no need to separately provide a current sensor for 
detection of false firing of the thyristor 9, so it is possible to reduce the size of 
the apparatus. 
EMBODIMENT 2 
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[0020] 

Fig. 2 is a block diagram tliat shows an electric car control apparatus 
according to a second embodiment of the present invention. In Fig. 2. AC 
power supplied by the overhead wiring 1 is input to the three level converter 13 
through transformer 12, and DC power output from the maximum potential 
terminal, the intermediate potential terminal and the minimum potential 
terminal is input to an inverter 14. The construction of the second 
embodiment other than the above is similar to that of the first embodiment. 
[0021] 

In the three level converter 13, the two voltage sensors connected in 
series are connected in parallel to the thyristor 9 so as to detect a DC full 
voltage, and for detection of a half voltage, the junction of the two voltage 
sensors connected in parallel to the thyristor 9 is connected to the junction of 
the upstream filter capacitor 6 and the downstream filter capacitor 7. 
Consequently, it is possible to make the resolutions of the voltage sensors 
equal to each other, as in the case of the three level inverter 3 of the first 
embodiment. In addition, there is no need to provide a current sensor for 
detection of false firing of the thyristor 9, and hence the apparatus can be 
reduced in size. 
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